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Abstract Gastrointestinal and metabolic influences on short- and medium-term control
of voluntary feed intake of European eel were investigated for groups of fish fed at
different feeding schedules: 1 meal 2 days1, 1 meal day1, 2 meals day1 and continu-
ous feeding for 12 h and 24 h daily. For fish fed daily, the feeding schedule had no effect
on feed intake, metabolism, growth, size variation and body composition. Only fish fed
once every 2 days could not completely compensate by increasing their average meal size
and showed a reduced feed intake, metabolism and growth. Stomach capacity did not limit
meal size and feed intake as large differences in appetite were found for eels with empty
stomachs. Feed intake was related to metabolism as the levels of O2 consumption and NH4
excretion just before the meal were correlated to average meal size, suggesting that rate
(and duration) of metabolism is sensed and is providing information about the metabolic
consequences of feed intake and feed processing. Meal size is based on the (expected)
scope for metabolism and eels seem to strive to an average daily feed intake, associated
with their developmental state (growth potential). Plasticity in this feed intake behaviour,
expressed by individual variation in feed intake and day-to-day fluctuations in individual
and group intake, is regarded as adaptive on different time scales.
Keywords Anguilla anguilla  Feeding schedule  Gastrointestinal tract 
Individual variation  Oxygen consumption  Voluntary feed intake
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BWi Initial body weight
CV Coefficient of variation
D Duodenum
DE Digestible energy
GE Gross energy
GIT Gastrointestinal tract
H Heat production
I Intestine
kg Efficiency of energy deposition above maintenance
m Maintenance
ME Metabolizable energy
R Rectum
RE Retained energy
S Stomach
Introduction
In fish culture fish are grown to make a profit. In most fish culture operations, particularly
in intensive culture, profitability is maximal at maximum growth rates. Invariably maxi-
mum growth rates are realised at maximum rates of feed intake (Vahl 1979). Forbes (2000)
even states that for animal production in general the more an animal eats, the more it
produces but also the more efficient this production (growth) becomes. In order to control
maximum growth in fish it is, therefore, vital to understand and predict variation in vol-
untary feed intake.
The regulation of voluntary feed intake in fish has, in analogy with terrestrial animals,
been categorized by hierarchical time scales in short-, medium- and long-term regulation
(Carter et al. 2001). Short term refers to a single meal or to daily feed intake. Medium term
refers to days and long term refers to weeks to years or even complete life cycles. Short-
term feed intake is, therefore, often expressed as the closely related concept appetite,
defined as the instantaneous willingness to eat, which is often measured as the amount of
feed consumed per meal, or per opportunity to eat (Langhans 1999). With fish, much
attention has been given to the return of appetite with time after a satiation meal (Grove
et al. 1978, 1985; Seymour 1984; Hossain et al. 1998; Tekinay et al. 2003; Riche et al.
2004). During a meal an animal becomes satiated, when internal signals provide a negative
feedback, which at a certain treshold will tell the animal to stop eating (Langhans 1999). In
time after this satiation meal (deprivation time) when the food eaten is processed, these
negative feedbacks will lessen and the animal becomes hungry again (return of appetite).
Internal signals providing negative feedback are categorised as gastrointestinal and met-
abolic or as pre- and post absorptive (Vahl 1979; Holmgren et al. 1983; Fletcher 1984;
Carter et al. 2001).
Appetite combined with the daily number of opportunities to eat, in fish culture often
named the (applied) feeding frequency or feeding schedule, gives the daily feed intake. The
feeding schedule has been shown to affect growth of fish through an effect on average
group feed intake (Seymour 1984; Van der Meer et al. 1997; Ruohonen et al. 1998; Riche
et al. 2004) but also on variation in intake and growth between individuals within a group
(Jobling 1983; Petursdottir 2002; Almazan-Rueda et al. 2004). Effects on feed intake are
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mainly linked to gastrointestinal factors, stomach fullness and stomach emptying after a
single satiation meal, often combined with measured or calculated implications towards
optimal feeding schedules (Grove et al. 1978; 1985; Bromley 1987; Hossain et al. 1998)
The present study intended to optimise the feeding schedule for European eel, Anguilla
anguilla L., by examining the effect of feeding schedule on group and individual feed
intake and growth and by investigating if variation in feed intake and growth with feeding
schedule could be related to variation in gastrointestinal and metabolic factors.
Material and methods
Fish, experimental conditions and feed
A batch of eel with an average individual body weight of 35 g was obtained from a
commercial eel farm (Mondi-aal, Veenendaal, the Netherlands). After arrival in our
experimental facilities the fish were stocked in the experimental aquaria for an acclimation
period of 2 weeks. One experiment was conducted in sixteen 140 l aquaria which were part
of a re-circulation system which further consisted of a sedimentation unit and a biological
(trickling) filter. A second experiment was conducted in five 140 l respirometer aquaria
which were part of the re-circulation system used for energy and matter balance studies as
described by Heinsbroek et al (1993). In both experiments water temperature was
25 ± 0.4C, pH was 7.3 ± 0.4, oxygen content of the water flowing out of the aquaria
remained above 6 g m3 and system concentrations of NH4–N and NO2–N remained
below 1.0 and 0.5 g m3 respectively. Photoperiod was 13 h light (7:00–20:00 h). All fish
were fed the reference diet described by Heinsbroek et al. (1993). Ingredients and analysed
composition of this diet are given in Table 1.
Table 1 Ingredients and proximate composition of the experimental diets
Ingredients (g kg1)
Fish meal (herring CP > 700 g kg1) 490
Soya bean meal (CP 480 g kg1) 150
Blood meal (spray dried, CP 830 g kg1) 75
Lipid mixa 39
Extruded wheat starch 222
Vitamin/mineral premixb 25
Analysed composition Experiment 1 Experiment 2
Dry matter (%) 90.3 90.3
Protein (N · 6.25) (%DM) 53.7 55.7
Lipid (%DM) 12.7 9.5
Ash (%DM) 11.7 9.7
Carbohydrates (NFE) (%DM) 21.9 25.1
Gross energy (kJ g DM1) 21.7 21.2
Digestible protein (%DM) 45.6 47.3
Digestible energy (kJ g DM1) 18.0 18.0
DP/DE (mg kJ1) 25.3 26.3
a Lipid mix consisted of fish oil:lecithine:BHT = 100:70:1
b Vitamin/mineral premix: Provimi BV, Rotterdam, The Netherlands
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To follow different meals in the gastrointestinal tract (GIT) and in faecal excretion,
additional batches of feed in Experiment 1 and 2 were coloured (Seymour 1984; Johnston
et al. 1994) by addition of 1% of food additive colours (E-number colours). After testing
with respect to feed intake, intensity of colouring even after digestion and contrasts within
coloured feeds and between coloured and uncoloured feeds, four colours were used: yellow
(E102, Tartrazine), Black (E151, Brilliant Black BN), orange (E110, Sunset Yellow FCF)
and green (E102–131, Tartrazine-Patent Blue V).
Experimental procedures
In Experiment 1, four feeding frequencies/methods were tested: 1 meal day1, 2 meals
day1, 12 h continuously and 24 h continuously, with 4 replicates per treatment. The
feeding was by hand until satiation during 1 h, once (1 meal day1) or twice daily
(2 meals day1), or by conveyor belt type automatic feeders (12 h and 24 h continuously).
After the acclimation period (day 0) the 16 aquaria were stocked each with 40 eels. All fish
were weighed individually. A sample was taken from the common pool of fish, euthanised
and stored at 20C for later analysis of initial body composition. The experiment lasted
for 54 days. On the last feeding day, the fish were fed coloured feeds. At 2 meals day1
each meal was of a different colour. For the continuous feeding treatments, coloured feeds
were distributed in the feeders so that a different colour was fed during every 3 h period.
Since only four colours were available, for the 24 h fed fish the colour sequence during the
second 12 h of the day was a replication of the colour sequence during the first 12 h.
Directly after the last feed of the day was consumed for a feeding frequency, the fish were
caught, euthanised, weighed individually and frozen at 20C.
In Experiment 2, five feeding frequencies/methods were tested. In addition to the four
treatments in Experiment 1, 1 meal 2 days1 (1/2 meal day1) was tested. After the
acclimation period (day 0) the five respirometer aquaria were stocked each with 60 eels.
All fish were weighed individually. A sample was taken from the common pool of fish,
euthanised and stored at 20C for later analysis of initial body composition. The
experiment lasted for 28 days. The fish were fed to satiation, with a different feeding
frequency in each aquarium, as in Experiment 1. Uneaten feed pellets could easily be
recognised between the faeces. They were removed and counted every day and the amount
was subtracted from the feed offered to obtain actual feed intake. Two times per week a
24 h monitoring period, during which faeces were collected and O2 consumption and N
excretion was determined, was conducted. Three times during the experiment the course of
defecation (= gastrointestinal emptying) was determined by collecting and drying the
faeces every 2.5 h for 48 h after the beginning of feeding. At these occasions, for
2 meals day1 and for 12 h and 24 h continuously, different colours were fed during the
first and the second half of their daily feeding. On the last day (day 28), the fish were not
fed and on the next day the fish were euthanised, weighed individually and frozen at
20C.
Sample collection and analytical methods
Initial and final body weight and (daily) amount of feed per aquarium were determined to
the nearest 0.1 g. In the respirometer system, in Experiment 2, a 24 h monitoring period
was conducted twice a week. Faeces were collected continuously by the faeces collectors
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(Heinsbroek et al. 1993) and were stored at 20C. Water flow rates through the respi-
rometer aquaria was measured by flow meters. Water was sampled of the inflowing water
and of the outflowing water of each of the five aquaria every 30 min. Oxygen concen-
trations in in- and out-flowing water were measured with an oxygen electrode and meter
(WTW TriOXmaticR 601 and 160, respectively; Retsch, Ochten, The Netherlands).
Nitrogen excretion was determined by analysing the in- and out-flowing water for NH4–N
and NOx–N concentrations by colorimetric methods using a continuous flow analyzer
(Alpkem RFA/2TM; Alpkem Corporation, Clackamas, Oregon, USA).
In Experiment 1 the frozen fish were partially thawed and dissected. The gastrointestinal
tract was divided in four segments (Willemse 1979; Clarke and Witcomb 1980), stomach
(a clear Y shaped blind sac), duodenum, intestine and rectum. The occurrence and colours
of digesta in the different segments was recorded.
Feeds, fish and faeces were analysed for dry matter, ash, protein, fat and energy. Feeds
and faeces were also analysed for acid insoluble ash for calculation of digestibilities
(Heinsbroek et al. 1993). Whole fish bodies were crushed and homogenised. Dry matter,
ash and protein were determined in this fresh homogenate. Fat and energy were determined
in freeze-dried homogenate. Faeces were freeze dried before analysis. Dry matter was
determined by drying the samples for 24 h at 103C. Ash content was determined by
ashing the samples for 24 h at 550C. Protein content was determined as N · 6.25 by
Kjeldahl procedure after acid digestion. Fat content was determined by Soxhlet extraction
with petroleum-ether for 4 h and gross energy was determined by bomb-calorimetry (IKA-
C-7000). Carbohydrate content of the diets was calculated as nitrogen free extract: 100%
minus the sum of protein, fat and ash.
Data analysis
Feed intake, growth and metabolism were expressed in metabolic weight units (g or
Kj kg0.8 day1), based on the geometric average body weight over the experimental
period, ABWg = (BWi · BWf)0.5. Elements of the energy budget were calculated
according Heinsbroek et al. (1993). Maintenance energy requirements were calculated as:
MEm ¼ H  RE* 1  kg
  
where MEm = Hm = maintenance requirement for metabolizable energy, H = heat pro-
duction, RE = energy deposition and kg = efficiency of energy deposition above
maintenance. kg was taken to be 0.8 (Heinsbroek et al. 1990).
Based on the individual body weights the coeficient of variation (CV) was calculated
per aquarium as standard deviation divided by average, multiplied by 100%. Fish were
divided in small (<50 g), medium (50–80 g) and large (>80 g), such that each size class
contained about 1/3 of the fish per aquarium. For analysis of the individual data on
different colours in different segments of the GIT, the data from the fish fed 24 h day1
were excluded, because no distinction could be made between identical colours from the
first and the second half of the day and because the possibility of a small morning meal
already being evacuated at the time of sampling could not be excluded.
Statistical analysis was performed with SPSS 12.0.1 for Windows. Data were analysed
for the effect of feeding frequency (mean data) or the effects of feeding frequency and fish
size (individual data) using ANOVA. The error terms of these ANOVA analyses were
tested for homogeneity of variance and normality. Since the individual data were not
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always normally distributed, differences between feeding frequencies and fish sizes were
also tested with non-parametric tests, Kruskal–Wallis for effect size and Mann–Whitney
for pair-wise comparision of means. To compare the results of Experiment 2, which was
conducted without replication, with each other and with those of Experiment 1, Tukey’s
honestly significant difference (HSD) was also calculated.
Results
For fish fed daily, feeding frequency had no effect on feed intake, growth, CV and body
composition (Table 2.). In the hand-fed fish, we found a day-to-day variation in group feed
intake of 0.5–2.5 times the average intake. No difference was found in the average shares
of the morning or afternoon meals in the total daily intake in the fish fed 2 meals day1
(54% vs. 46%). From the contents of the GIT of the eels fed 24 h day1 no difference in
feed intake could be observed between the photo- or scotophase.
Fish fed once every 2 days showed an increased average meal size, but a reduced
average feed intake and growth. Processing of these larger meals was extended, as faecal
excretion occurred later and lasted longer (Fig. 1). For the meal fed fish, first faecal
occurrence was about 4, 2.5 and 1.5 h after the end of the meal and last faeces of that meal
were excreted after about 44, 24 and 18 h after the end of the meal for fish fed once every
2 days, once daily and twice daily, respectively. Independent of feeding frequency, 15% of
the feed dry matter was recovered as faeces, indicating a faeces recovery of 71%.
Digestibilities were not affected by feeding frequency, average digestibilities were
79 ± 1.9, 84.9 ± 1.5, 95.8 ± 2, 76.9 ± 2.6, 40.4 ± 5.3 and 84.4 ± 1.5 (l ± sd, n = 30) for
respectively dry matter, protein, fat, carbohydrates, ash and energy.
Not all eels in a group eat every meal or every day (Fig. 2). The percentage of non-
eating fish varied with size class, but was independent of feeding frequency. Larger fish
consumed more meals. For the fishes with continuous access to the feed, fish ate one to
three ‘meals’ per day (Table 3, Fig. 3), with again an effect of size, as smaller fish more
often ate one or two meals, whereas larger fish more often ate two or three meals. With the
fish fed 1 or 2 times day1 directly after (the end) of the last meal digesta was observed in
the complete GIT, including the rectum, for 10–30% of the fish.
Extended processing of the meals for the fish fed 1 meal 2 days1 was also seen in the
metabolism as the peaks in O2 consumption and NH4–N excretion occurred later and lasted
longer (Fig. 4). Despite this extended duration only for these fish fed once in 2 days the
level of metabolism returned to the level of fasting fish. For the other feeding frequencies
the minimum level of metabolism remained higher. Average meal size was highly cor-
related with this minimum observed level of metabolism (Table 4). Average level of
metabolism of fish fed 1 meal 2 days1 was lower than that of those the other feeding
frequencies, partly because a lower feed intake but possibly also by a lower maintenance
metabolism (Table 5), suggesting a behaviourial adaptation to the lower meal frequency.
Discussion
Study of the short-term regulation of daily feed intake in fish has focussed on the deter-
mination of the maximum meal size in combination with the return of appetite after such a
satiation meal. For both aspects researchers have suggested that gastrointestinal factors,
stomach or gastrointestinal capacity (volume) and stomach or gastrointestinal emptying,
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are the most important determinants (Grove et al. 1978, 1985; Seymour 1984; Hossain
et al. 1998; Tekinay et al. 2003; Riche et al. 2004). Stomach capacity has been estimated
more or less directly by filling dissected stomachs with fluid and measuring the volume at a
fixed pressure (Jobling et al. 1977; Ruohonen and Grove 1996; Grove et al 2001), or
indirectly by equating stomach capacity with maximal meal size either as maximum
amount eaten per meal or as maximal stomach content after a satiation meal (Hossain et al.
1998; Riche et al. 2004; Tekinay et al. 2003). Ruohonen and co-workers (Ruohonen and
Grove 1996; Ruohonen et al. 1997) compared stomach capacity, measured directly as
volume, with maximum meal size. They showed that rainbow trout, Oncorhynchus mykiss,
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fed a wet diet of chopped herring for 10 weeks, and compared to fish fed a dry-pellet diet,
could maintain their dry matter intake through an increased stomach volume. They found
that the increased volume was by compensatory growth of the stomach and not by muscle
relaxation, but since stomach volume increased 1.6–1.7 times while a satiation meal after
96 h fasting was 2.5–3.5 times larger, a possible shift in sensitivity to the signals from the
stomach stretch- receptors and/or modulation of these signals in the complex interaction of
regulatory feedbacks could not be excluded (Langhans 1999; Forbes 2000; Matteri 2001;
Woods 2004). Since, however, when fish acclimated to the herring diet were offered dry
feed, they down-regulated already their first satiation meal to the level of the pellet
acclimated fish, these authors concluded that under their conditions stomach volume is not
the factor which limits meal size. Grove et al. (2001) confirmed these findings for turbot,
Scophthalmus maximus, where stomach volume increased 1.5 times in fish fed a wet squid
diet for 7 weeks, but fish fed the wet diet already on the second day ate 5 times more food
than fish fed an identical but dry squid diet. When the diets were reversed the fish adapted
to maintain their dry matter intake within 4 days.
Table 3 Number of meals eaten daily by European eel fed at different feeding schedules
Feeding schedule Number of meals Average Small Medium Large Kruskal–Wallis P-value
1 0 26 ± 3 27 ± 7 29 ± 6 21 ± 4 0.625
1 74 ± 3 73 ± 7 71 ± 6 79 ± 4 0.625
2 0 21 ± 5 28 ± 10 21 ± 4 14 ± 10 0.243
1 45 ± 4 42 ± 7 52 ± 7 42 ± 5 0.578
2 33 ± 6 29 ± 12 27 ± 6 43 ± 7 0.337
12 h 0 24 ± 3 33 ± 4 23 ± 5 18 ± 3 0.091
1 27 ± 5 38 ± 10 25 ± 3 24 ± 2 0.317
2 32 ± 5 23 ± 8 33 ± 8 30 ± 8 0.486
3 16 ± 4 5 ± 5a 19 ± 4ab 28 ± 6b 0.024
Per feeding schedule percentages of fish which had consumed the indicated number of meals (±SE, n = 4),
determined by the presence of differently coloured digesta in the gastrointestinal tract are shown. Per-
centages are given for the whole group and for small (<50 g), medium (50–80 g) and large (>80 g) fish
within the group
Small, medium and large groups with a different superscript are significantly different (Mann–Whitney pair-
wise comparison)
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In the present study with eel (average) meal size was maximal after 48 h deprivation.
This is in accordance with the results of Seymour (1984) for small eels (1–8 g) at 25C.
Seymour (1984) related this to the stomach capacity as he also found that emptying of the
GIT (measured by faecal excretion) of eels fed a satiation meal after 48 h deprivation was
completed in 44–48 h. However, in a separate experiment this author found that eels
accustomed to and fed 1 meal day1 (24 h deprivation) or 2 meals day1 (12 h depriva-
tion) consumed average meals of 74% and 46%, respectively, of the maximum meal size
after 48 h deprivation. In our study these percentages were 75% and 40%, respectively.
From our faecal excretion results it showed that eels fed 1 meal day1 also already had
completely emptied their GIT and, therefore, their stomach, at the moment of their next
meal. We further found for the eels fed 2 meals day1 only the second colour, i.e., the last
meal, in the stomach, suggesting that these fish also received their meals on an empty
stomach. These large differences in appetite for fishes with empty stomachs suggest that
also for eel fed dry diets stomach capacity (determined as maximum meal size observed)
does not limit actual meal size.
Emptying of the stomach can be influenced by meal frequency as Talbot et al. (1984)
showed faster stomach evacuation for salmon, Salmo salar, fed postprandially. The rate of
faecal evacuation in our study was not affected by following meals (Fig. 4) which is in
accordance with Riche et al. (2004) who found identical stomach evacuation rates in
tilapia, Oreochromis niloticus, fed 3 or 5 meals day1. These authors further suggested
that tilapia could increase its meal size through by-passing the stomach. With the eels in
our study we also found digesta in all segments of the GIT directly after a meal. A possible
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negative effect on digestibility of this ‘gastric overload’ (Jobling 1986; Riche et al. 2004)
was not found in our study nor by Zhou et al. (2003), who also found no or even a positive
effect of feeding frequency on digestibilities in the stomachless gibel carp, Carrassius
auratus gibelio.
Where meal size could not be linked to stomach fullness, the levels of O2 consumption
and, to a lesser extent, NH4 excretion just before the meal were correlated to average meal
size (Table 4), suggesting that rate (and duration) of metabolism is sensed and is providing
information about the metabolic consequences of feed intake and feed processing (Dav-
enport et al. 1990; Forbes 2003; Geurden et al. 2005). The relationship between level of
metabolism and appetite for eel, and fish in general, suggests that meal size is based on the
(expected) scope for metabolism such that scope for growth = scope for metabo-
lism = scope for food processing = scope for food intake. Fish seem to strive to an average
daily feed intake, associated with their developmental state (growth potential). They
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integrate these metabolic consequences and are shown to adapt to different feeding
opportunities (Seymour 1984; Ruohonen et al. 1997, 1998; Gelineau et al. 1998; Grove
et al. 2001). When fed with practical, dry diets, most fish species (with a stomach) show
maximum growth rates at feeding frequencies between 1 meal 2 days1 and 5 meals
day1 (Ruohonen et al. 1998; Petursdottir 2002; Zhou et al. 2003). Variation between and
within fish species depends on the magnitude of this growth rate, and therefore largely on
fish size and temperature. This and our results indicate that calculation of an optimal
feeding frequency, based on the return of appetite determined after a single meal (mostly
given after quite prolonged starvation), can not be accurate (Vahl 1979; Haylor 1993; Van
der Meer et al. 1997; Hossain et al. 1998).
When offered continuous access to the feed, for 12 h and 24 h day1, the eels in our
study were shown to eat a number of small meals. This is also seen in a number of fish
species, when fed with self feeders (Gelineau et al. 1998; Blyth et al. 1999; Bailey 2003).
For all feeding frequencies a large individual variation in feed intake was observed. Firstly,
individual eels do not eat every day. This could be explained partly by fish size, but also in
the largest size class 19% had an empty GIT at the time of sampling. Whether the average
percentage of non-eating fish of ca. 25% in our study is a regular occurrence is not clear. In
other slaughter experiments in our laboratory, we also had occurrences where all eels had
digesta of the last meal offered in their GIT (Heinsbroek and Bloemhof, unpublished
results). On the other hand an average of non-eating fish of 25% might seem large, but it
still means that on average each fish eats three out of 4 days. For eels individual differ-
ences in feed intake seems to be the consequence of differences in both meal size and meal
frequency, the latter, at least partly, trough non eating days. This was also reported for
Arctic char, Salvelinus alpinus, by Petursdottir (2002), who explained this as an adaptation
to fluctuating food availability in nature. Individual differences in feed intake, or the fact
that some fish eat more than others, have been explained as originating from social
interactions (competition) or to be inherent (and/or a combination thereof; Martins et al.
2005, and references therein). As we found no effect of feeding frequency on the size
variation in eels (CV), just as Kamstra (1993) demonstrated that size grading had no effect
on growth and growth variation in eel, we suggest that individual differences in feed intake
in eels are, to a large extent, inherent. Social interactions do influence feeding behaviour as
shown by researchers who did not find an effect of feeding method on average growth rate,
but did find effects on size variation, aggression and mortality (Jobling 1983; Petursdottir
Table 5 Energy budgets of European eel fed at different feeding schedules indicating a lower maintenance
requirement for metabolisable energy for the eels fed once every 2 days
Feeding schedule 1/2 1 2 12 h 24 h
GE 114.3 187.7 196.1 202.7 206.2
DE 97.5 158.6 162.8 171.4 174.4
BUE 5.0 7.9 8.3 8.9 8.5
ME 95.6 147.4 164.4 170.3 173.1
H 31.3 46.9 49.9 49.2 49.4
RE 64.3 100.6 114.5 121.1 123.7
MEm 18.5 26.8 27.0 25.0 24.7
GE = Gross energy, DE = Digestible energy, BUE = Branchial and urinary energy, ME = Metabolizable
energy, H = Heat production, RE = Retained energy, MEm = Maintenance requirement for ME All values
in kJ kg0.8 day1
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2002; Almazan-Rueda et al. 2004). Social effects can also be positive as Martins et al.
(2005) found a higher average feed intake in group-held catfish compared with individually
held fish. Randolph and Clemens (1976) demonstrated very elegantly for Channel catfish,
Ictaluris punctatus, in ponds an occurrence of social segregation as different size groups of
fish came to the feeding station at different times and under different conditions. In the
present study eels of different size classes did not seem to be eating at different times. The
fact that hand-fed dab, Limanda limanda (Jobling et al. 1977) or trout (Boujard and Medale
1994; Gelineau et al. 1998) have a higher feed intake than fish fed by self-feeders could
even be seen as positive social (?) interaction with the human researcher. The small
anticipatory increase in O2 consumption in the eels in this study fed 1 meal 2 days
1 on
their non-fed day coincided with human activity at adjacent (fed) groups. Almazan-Rueda
et al. (2004) also found an increased pre-feeding activity in catfish.
Apart from variation in feed intake between individuals, feed intake of individuals and
groups also displays considerable day-to-day or even meal-to-meal fluctuations. The
magnitude of this variation in the present study, 0.5–2.5 times the average intake, is in
accordance with other studies on eel (Seymour 1984) and other fish species (Ruohonen
1999; Jobling 1983; Bailey 2003; Abery and De Silva 2005). In some cases a 2-day pattern
could be recognized (Dunbrack 1988; Baily 2003), which these authors related to stomach
emptying induced return of appetite. According to Petursdottir (2002) this variation, i.e.,
that the fish can eat a lot more than they on average do, is in fact another argument against
stomach capacity limiting feed intake. Forbes (2003) found for terrestrial farm animals also
that the daily intake fluctuations were (weakly) organized in relation to time but concluded
that varying intake is merely a means of detecting and maintaining an optimal intake. For
turbot in a practical farm situation, Mallekh et al. (1998) found that environmental vari-
ation could explain only 26% of day-to-day variation in feed intake, while on a longer time
scale, using fortnightly means, 86% of the variation could be explained. In a later study
these authors showed that for turbot on this longer time scale feed intake was linearly
related to metabolic scope (Mallekh and Lagardere 2002). This suggests that long-term
regulation of (average) feed intake is truly hierarchical over medium- and short-term
regulation, probably by changing the sensitivity to the short-term satiety signals (Woods
2004). Individual and temporal variability in feed intake seems to be an expression of the
plasticity of feeding behaviour, rendering it adaptive on different time scales.
Conclusion
For eel of 35–70 g the feeding schedule can be optimised by feeding them once daily. At a
reduced feeding frequency average feed intake is decreased, despite that the fish increase
their average meal size. At a higher feeding frequency meal size is reduced. Large dif-
ferences in meal size for fish with empty stomachs and a large day-to-day variation of feed
intake both indicate that eel can eat much more than they on average do, and we conclude
that for eel fed dry diets stomach capacity (determined as the maximum meal size
observed) does not limit meal size and feed intake.
Feed intake was related to metabolism as the levels of O2 consumption and NH4
excretion just before the meal were correlated to average meal size, suggesting that rate (and
duration) of metabolism is sensed and is providing information about the metabolic con-
sequences of feed intake and feed processing, i.e., the eel eat no more than they can handle.
Variation in feed intake behaviour renders it adaptive on the short-term (temporal
variation) and on the long-term (individual variation).
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